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Acronymsand Abbreviations

ACL alternate concentration limit

AEC U.S. Atomic Energy Commission
AFO amorphous ferric oxyhydroxide

ASTM American Society of Testing Materias
BCF bioaccumulation factors

bgs below ground surface

BLRA Basdine Risk Assessment

CDPHE Colorado Department of Public Health and Environment
CERCLA Comprehensive Environmental Response, Compensation, ard Liability Act
CFR U.S. Code of Federal Regulations

cfs cubic feet per second

cm centimeter(s)

COC congtituents of concern

COPC constituent(s) of potential concern
DOE U.S. Department of Energy

DOLA Colorado Department of Local Affairs
EA environmental assessment

EC electrical conductivity

E-CPOC ecological constituents of potential concern
EHPA ethylhexyl phosphoric acid

EPA U.S. Environmental Protection Agency
ERA ecological risk assessment

ESL Environmental Sciences Laboratory
FONSI finding of no significant impact

FR Federal Register

ft foot (feet)

ft/day foot (feet) per day

ft?/day square feet per day

g grams

ga galon(s)

gal/day gallons per day

GCAP Ground Water Compliance Action Plan
GJO Grand Junction Office

gpm galons per minute

HCI hydrochloric acid

HI hazard index

HQ hazard quotient

IC institutional control

K hydraulic conductivity

Kd distribution coefficient

kg kilogram(s)

kw-hr kilowatts per hour

L liter

L/s liter(s) per second

Ib pounds

LTMP Long-Term Management Plan

LTSP Long-Term Surveillance Plan
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MAP management action process

MCL maximum concentration limit

m meter(s)

Mo/l micrograms per liter

pum micrometer(s)

mg/kg milligrams per kilogram

mg/L milligrams per liter

mL milliliter

mL/g milliliters per gram

mL/min milliliters per minute

mm millimeter(s)

mvV millivolts

NEPA National Environmental Policy Act

NOAA National Oceanic and Atmospheric Administration
NRC U.S. Nuclear Regulatory Commission

O&M operation and maintenance

ORNL Oak Ridge National Laboratory

ORP oxidationreduction potential

pCi/g picocuries per gram

pCi/L picocuries per liter

PEIS Programmatic Environmental Impact Statement
PvC polyvinyl chloride

RAP Remedia Action Plan

RBC risk-based concentration

RO reverse 0Smosis

ROD record of decision

rpm revolutions per minute

RRM residual radioactive material

SDWA Safe Drinking Water Act

SEE Site Environmental Evaluation (database)

SOWP Site Observational Work Plan

TAGR Technical Approach to Ground Water Restoration
TDS total dissolved solids

UCLgs 95 percent upper confidence limit

UMTRA Uranium Mill Tailings Remedia Action (Project)
UMTRCA  Uranium Mill Tailings Radiation Control Act
U.S.C. United States Code

USGS U.S. Geologica Survey
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Executive Summary

Uranium ore was processed from 1958 through 1962 at the Gunnison site located 0.5 mile
southwest of the City of Gunnison in Gunnison County, Colorado. Contaminated materials were
removed from the millsite from 1992 through 1995 and stabilized in a disposal cell 6 miles east
of Gunnison.

Ground water occurs under unconfined conditions in the aluvial aquifer (uppermost aquifer)
with an average depth to the water table of 5 feet (ft). The aluvium is composed of poorly sorted
sediments ranging from clay-sized material through gravel with cobbles and occasiona boulders.
The thickness of the aluvium ranges from 70 to 130 ft. Ground water in the alluvial aguifer
generally flows to the southwest with an average gradient of 0.005. Hydraulic conductivity
ranges from 100 to 170 ft/day. Ground water in the alluvia aquifer system is recharged by the
adjacent streams, precipitation, flood irrigation of the pasture downgradient from the site, and
irrigation of the golf course and residential areas southwest of the site. Ground water is
discharged naturally to adjacent streams and by the gravel pit dewatering operations south of the
ste.

Ground water in the aluvial aquifer beneath and downgradient from the Gunnison site was
contaminated by uranium processing activities. Uranium is the primary constituent of potential
concern (COPC) and indicator of site-related contamination in ground water. Concentrations of
uranium in ground water exceed 1.0 milligram per liter (mg/L) beneath the site and exceed the
uranium maximum concentration limit (MCL) of 0.044 mg/L to approximately 1,000 ft
downgradient from the site boundary beneath the adjacent gravel mining operation.
Concentrations of uranium in ground water below the MCL, but above background, extend
approximately 7,000 ft downgradient from the site boundary and have migrated beneath the
Gunnison River just beyond the confluence with Tomichi Creek. The zone of contamination
attenuates and migrates downward as it progresses laterally. Manganese is also a COPC in
ground water with elevated concentrations beneath the site and less than 1,000 ft downgradient
from the site boundary. Manganese does not appear to be widespread in the aquifer and
concentrations benesth the site are decreasing. Thereisno MCL for manganese so an acceptable
human health risk-based level of 1.7 mg/L has been established as the standard. Since uranium is
the primary indicator of site-related contamination, it is the basis for verifying the compliance
strategy for ground water cleanup at the Gunnison site.

To achieve compliance with Subpart B of 40 CFR 192, the DOE proposed action is natural
flushing in conjunction with institutional controls (IC) and continued monitoring. Ground water
flow and transport modeling has predicted that site-related concentrations of uranium in ground
water in the uppermost agquifer beneath and downgradient from the site will decrease to below
the MCL within 100 years. ICs will be maintained and verified during the flushing period. This
compliance strategy will be protective of human health and the environment.

ICs are in place on the former millsite through deed restrictions that became effective when the
State of Colorado transferred ownership to Gunnison County in December 1999. The restrictions
prohibit use of contaminated ground water and control excavation of contaminated soil.
Gunnison County owns the water distribution system that provides drinking water to the area
potentially affected by site-related contaminants. This system was funded by the U.S.
Department of Energy (DOE), the Colorado Department of Public Health and Environment
(CDPHE), the Colorado Department of Local Affairs (DOLA), and Gunnison County in 1994 to

DOE/Grand Junction Office Site Observational Work Plan for Gunnison, Colorado
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mitigate any risk associated with ingestion of contaminated ground water from the alluvial
aquifer downgradient from the site. DOE is working with Gunnison County to formalize a
requirement that all current and future residents in the area connect to the system. This
requirement will become an enforceable administrative |C by means of a county ordinance. Any
future water resource needs in the area will be regulated by Gunnison County.

There are no unacceptable risks to human health and the environment associated with current and
projected conditions in the vicinity of the Gunnison site as long as |Cs canbe maintained.
Current use of ground water at the Valco, Inc. operation presents no unacceptable risk.
Consequently, the proposed compliance strategy of natura flushing in conjunction with
ingtitutional controls and continued monitoring will be protective of human health and the
environment.

Monitoring of ground water and surface water will be implemented during the period of natural
flushing to verify modeling results, ascertain that concentrations of uranium in ground water are
decreasing, and ensure protection of human health and the environment. COPCs to be analyzed
in ground water include uranium and manganese. General water quality indicators including
alkalinity, conductivity, pH, total dissolved solids, sulfate, and temperature will also be
determined during sampling. Monitoring will take place on an annual basis for the first 10 years
(through 2010) and every 5 years thereafter until completion of natural flushing. At the end of 10
years an evaluation will be made in consultation with NRC and the State of Colorado to
determine the requirements and frequency for future monitoring at the site.

Site Observational Work Plan for Gunnison, Colorado DOE/Grand Junction Office
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1.0 Introduction
1.1 Purpose and Scope

The Gunnison Uranium Mill Tailings Remedial Action (UMTRA) Project siteis aformer
uranium-ore processing facility located approximately 0.5 mile southwest of the City of
Gunnison in Gunnison County, Colorado (Figure 1-1). The site is situated on an aluvial terrace
between the Gunnison River and Tomichi Creek.

The U.S. Department of Energy (DOE) completed surface remediation of abandoned uranium
mill tailings and other contaminated surface residual radioactive material (RRM) associated with
the former milling operation at the site by relocating the contaminated materials to a disposal cell
approximately 6 miles east of the Gunnison processing site. Surface remedial action beganin
1992 and was completed in 1995. The former processing site is currently covered and re-graded
with clean fill material and re-seeded with range grasses.

DOE’s god is to implement a cost-effective ground water compliance strategy at the Gunnison
processing site that is protective of human health and the environment. This Site Observational
Work Plan (SOWP) documents the site-specific strategy that will allow DOE to comply with
EPA ground water standards at the Gunnison site and provides a mechanism for stakeholder
participation, review, and acceptance of the recommended remedia alternative. The SOWP is
based on UMTRA Project programmatic documents mentioned in Section 1.2. After initial
assessment of Site characterization information, it was decided to use an abbreviated Summary of
Ste Conditions and Work Plan (DOE 1999f) instead of the traditional SOWP Rev. 0 because the
magnitude of additional work required was thought to be relatively minor. This has expedited the
process and led directly to thisfinal version of the SOWP.

Compliance regquirements for meeting the regulatory standards at the Gunnison site are presented
in Section 2.0. Site background information, including physical setting, current water and land
use, and an overview of the history of the former milling operations and surface remedial
activities is reviewed in Section 3.0. A summary of 1999 field investigations is presented in
Section 4.0. Site-specific characterization of the physical system and contaminant configuration
are synthesized in the conceptual site model in Section 5.0. Assessment of human health and
ecological risk is provided in Section 6.0. The process for selecting the ground water compliance
strategy is presented in Section 7.0, along with information on institutional controls and
monitoring activities.

DOE/Grand Junction Office Site Observationa Work Plan for Gunnison, Colorado
March 2001 Page 1-1



Introduction Document Number U01024

a N
S~ ~No°

4 s
\"\_/ -\‘Ms\

CRESTED BUTTE

DELTA CO.
HOTCHKISS

Bl - |
IENTROSECO. B
SOl ORADO)| 2 - f/GUNNISON
|1 ceMer ' MONTROSE
1 1 DENVER 1
Il———-l m ———————
1

Nz\UDW\B11\0a10\DZ\UQDsBa\UDOS90R0DWS  08/18,/00 3 3dprn ReynolcN i

Figure 1-1. Gunnison Site Location Map
1.2 UMTRA Project Programmatic Documents

Programmatic documents that guide the SOWP include the UMTRA Ground Water Management
Action Process (MAP) (DOE 1998), the Final Programmatic Environmental Impact Statement
for the Uranium Mill Tailings Remedial Action Ground Water Project (PEIS) (DOE 1996b), and
the Technical Approach to Ground Water Restoration (TAGR) (DOE 1993b). The MAP states
the mission and objectives of the UMTRA Ground Water Project and provides a technical and
management approach for conducting the project. The PEIS is the programmatic decision
making framework for conducting the UMTRA Ground Water Project. DOE will follow PEIS
guidelines to assess the potential programmatic impacts of the Ground Water Project, to
determine site-specific ground water compliance strategies, and to prepare site-specific
environmental impact analyses more efficiently. Technical guidelines for conducting the ground
water program are presented in the TAGR.

1.3 Relationship to Site-Specific Documents

The surface Remedia Action Plan (RAP) (DOE 1992b) provides early site characterization
information. This information has been updated in developing this version of the SOWP to
strengthen the conceptual site model. After a ground water compliance strategy is selected for
the site, a Ground Water Compliance Action Plan (GCAP) will be prepared to document the
remediation decision. The GCAP will be the concurrence document for compliance with
Subpart B of 40 CFR Part 192 for the Gunnison uranium-ore processing site and will provide
details of the required ground water monitoring program.

Site Observational Work Plan for Gunnison, Colorado DOE/Grand Junction Office
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A Baseline Risk Assessment (BLRA) (DOE 1996a) was prepared that identified potential public
health and environmental risks at the site. Potential risks identified in the BLRA are considered
and updated in this SOWP to ensure that the proposed compliance strategy is protective of
human health and the environment.

After the proposed compliance strategy is identified in the SOWP and described in the GCAP, a
ste-specific National Environmental Policy Act (NEPA) document (e.g., an environmental
assessment [EA]) will be prepared to determine any potential effects of implementing the
proposed compliance strategy.

Since most of the contaminated materials and RRM were removed from the processing site and
stabilized off site, the Long-Term Surveillarce Plan (LTSP) required as part of the licensing
agreement for disposal sites is not applicable. When DOE relocated RRM, the origind
processing site was cleaned up to meet EPA standards. The U.S. Nuclear Regulatory
Commission (NRC) did not license the processing Site or require an LTSP (Statements of
Consideration for 10 CFR Part 40, April 30, 1992). In lieu of the LTSP, DOE will prepare a
Long-Term Management Plan (LTMP), which will also contain the information on ground water
monitoring and specify all other long-term surveillance activities and reporting requirements
necessary for the site. The LTMP will be a stand-alone document to guide long-term surveillance
activities at the Gunnison processing site.

Information for the SOWP is primarily derived from existing documents, the UMTRA Site
Environmental Evaluation (SEEFUMTRA) database and from data in the UMTRA Project files.
Local officials in the Gunnison area, along with regulatory entities, were consulted during
preparation of this document.

DOE/Grand Junction Office Site Observationa Work Plan for Gunnison, Colorado
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2.0 Regulatory Framework

A ground water compliance strategy is proposed for the Gunnison Site to achieve compliance
with EPA ground water standards applicable to Title| UMTRA Project sites. This section
identifies the requirements of the Uranium Mill Tailing Radiation Control Act (UMTRCA), the
EPA ground water protection standards promulgated in 40 CFR Part 192, NEPA, and other
regulations that are applicable to the UMTRA Ground Water Project.

2.1 Federal Regulations

2.1.1 Uranium Mill Tailings Radiation Control Act

The U.S. Congress passed UMTRCA (42 U.S.C. §7901 et seq.) in 1978 in response to public
concerns about the potentia health hazards from long-term exposure to uranium mill tailings.
UMTRCA authorized DOE to control, stabilize, and dispose of mill tailings and other
contaminated materials at former uranium-ore processing sites.

UMTRCA has three titles that apply to uranium-ore processing sites. Title | designates

24 inactive processing sites to undergo remediation. Title | authorizes EPA to promulgate
standards and mandates remedial action in accordance with those standards. This Title also
directs remedia action to be selected and performed with the concurrence of the NRC in
consultation with states and Indian tribes, authorizes DOE to enter into cooperative agreements
with the affected states and Indian tribes, and directs NRC to license the disposal sites for long-
term care. Title Il applies to active uranium mills, and Title I11 applies to specific uranium mills
in New Mexico. The UMTRA Ground Water Project has responsibility for administering only
Titlel of UMTRCA.

In 1988, Congress passed the Uranium Mill Tailings Remedial Action Amendments Act
(42 U.S.C. 7901 et seq.) authorizing DOE to extend without limitation the time needed to
complete ground water remediation at the processing sites.

2.1.2 EPA Ground Water Standards

UMTRCA requires that EPA promulgate standards for protecting public health and the
environment from hazardous constituents associated with processing uranium ore and the
resulting RRM. On January 5, 1983, EPA published standards in 40 CFR Part 192 for the
cleanup and disposal of RRM. The standards for ground water compliance were revised, and a
final rule was published on January 11, 1995 (60 FR 2854), and codified in 40 CFR Part 192.

The standardsin 40 CFR 192.02 (c)(1) require that the Secretary of Energy determine which of
the constituents listed in Appendix | to Part 192 are present in or reasonably derived from RRM.
Those standards also require the Secretary to determine the areal extent of ground water
contamination by listed constituent. Section 5.0 of this document complies with these
requirements and identifies the constituents of potential concern (COPC) at the Gunnison
processing site.

The standards for cleanup address two ground water contamination scenarios. The first scenario
addresses ground water contaminated as a result of RRM associated with disposal cells. Future
protection of ground water at the disposal sitesis being monitored as part of the Long-Term

DOE/Grand Junction Office Site Observationa Work Plan for Gunnison, Colorado
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Surveillance and Maintenance Program. The second scenario addresses ground water
contaminated as a result of RRM in the uppermost aquifer at the former processing site. The
UMTRA Ground Water Project addresses this ground water contamination and is regulated by
Subparts B and C of 40 CFR Part 192.

2121 Subpart B: Cleanup Standards

The regulations allow the option of complying with four general standards. Three are numerical
standards and are set forth in 40 CFR 192.02(c)(3) as follows:

Background level—Concentrations of constituents in the uppermost aquifer in an area that were
not affected by ore-processing activities.

Maximum Concentration Limit (MCL)—EPA defined maximum concentrations for certain
hazardous constituents in ground water and are specific to the UMTRA Project. The MCLs for
inorganic constituents that apply to UMTRA Project sites are given in Table 1 to Subpart A of
40 CFR Part 192.

Alternate Concentration Limit (ACL)—An ACL may be applied to a hazardous constituent if it
does not pose a substantial present or future risk to human health or the environment, as long as
the limit is not exceeded. An ACL may be applied after considering options to achieve
background levels and MCLs.

Subpart B of the EPA standards may also be met through natural flushing within an extended
period not to exceed 100 years if (1) the concentration limits are projected to be satisfied at the
end of this extended period, (2) institutional controls are in place which will effectively protect
human health and the environment and satisfy beneficial uses of ground water during the
extended period, and (3) the ground water is not currently and is not now projected to become a
source for a public water system subject to provisions of the Safe Drinking Water Act during the
extended period (40 CFR 192.12(c)(2)).

2.1.2.2 Subpart C: Implementation

Subpart C provides guidance for implementing methods and procedures to reasonably ensure that
standards of Subpart B are met. Subpart C requires that the standards are met on a site-specific
bas's using information gathered during characterization and monitoring. The plan for
implementation must be stated in a site-specific GCAP and must contain a continued monitoring
program, if necessary.

Supplemental Sandards—DOE may, with NRC concurrence, apply a fourth option to
contaminated ground water. Supplemental standards may be applied if any one of the following
criteriais met as set forth in 40 CFR 192.21.

(8 Remedial actions required to satisfy Subpart A or B would pose a clear and present risk
of injury to workers or members of the public.

(b) Remedial actions to satisfy the standards for land and ground water would directly
produce health and environmental harm that is clearly excessive compared to the health
and environmental benefits, now or in the future.
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(c) The estimated cost of remedial action is unreasonably high relative to the long-term
benefits, and the RRM does not pose a clear present or future hazard.

(d) The cost of remedial action for cleanup of abuilding is clearly unreasonably high relative
to the benefits.

(e) Thereisno known remedia action.

() The restoration of ground water quality is technically impractical from an engineering
perspective.

(9) The ground water is considered of limited use and meets the criteria of §192.11(€).

(h) Radionuclides other thanradium-226 and its decay products are present in sufficient
guantity and concentration to constitute a significant hazard from RRM.

2.1.3 Cooperative Agreements

UMTRCA requires that compliance with ground water standards be accomplished with the full
participation of the states and Indian tribes on whose lands uranium mill tailings (RRM) are
located. Section 103(a) of UMTRCA directs DOE to enter into cooperative agreements for
remedial actions with the states and tribes. DOE has a cooperative agreement with the State of
Colorado that covers ground water activities at the Gunnison Site.

2.1.4 National Environmental Policy Act

The UMTRA Project isamajor federal action that is subject to the requirements of NEPA. DOE
NEPA regulations are codified in 10 CFR Part 1021, “National Environmental Policy Act
Implementing Procedures.” Pursuant to NEPA, DOE finalized a PEIS (DOE 1996b) for the
UMTRA Ground Water Project to analyze potential effects of implementing the alternatives for
ground water compliance at the UMTRA Project processing sites. A Record of Decision (ROD)
was published in April 1997 in which DOE'’s preferred alternative was selected based on the
information available at the time. This ROD gave DOE the option of implementing one or a
combination of the following compliance strategies:

No ground water remediation
Natural flushing
Active ground water remediation

A Gunnison site-specific EA will be prepared to recommend the preferred remediation
alternative and to address all environmental issues associated with the selected aternative.

2.1.5 Other Federal Regulations

In addition to EPA ground water standards and requirements of NEPA, DOE must comply with
presidentia executive orders, such as those related to pollution prevention and environmental
justice, that may be relevant to the work being performed. Other federal regulations include those
that require protection of wetlands and floodplains, threatened and endangered species, and
cultural resources.

DOE/Grand Junction Office Site Observationa Work Plan for Gunnison, Colorado
March 2001 Page 23



Regulatory Framework Document Number U01024

2.2 DOE Orders

A number of environmental, health and safety, and administrative DOE orders apply to the work
being conducted under the UMTRA Ground Water Project. DOE orders prescribe the manner in
which DOE will comply with federal and state laws, regulations, and guidance, and will conduct
operations that are not prescribed by law. DOE guidance for complying with federal, state, and
tribal environmental regulations is provided in the DOE Order 5400.1 series, which is partially
superseded by DOE Order 231.1. DOE Order 5400.5 requires public protection from radiation
hazards. DOE guidance for NEPA compliance is provided in DOE Order 451.1, and specific
guidance pertaining to EAs s provided in Recommendations for the Preparation of
Environmental Assessments and Environmental Impact Statements (DOE 1993a).

2.3 State Regulations
DOE must comply with state regulations where federal authority has been delegated to the State

of Colorado. These include compliance with Colorado permits required for monitor wells
(drilling, completing, and decommissioning), water discharge, and waste management.
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3.0 SiteDescription

The Gunnison processing site has been investigated by DOE since 1983 (DOE 1992b and
1996a). Ground water conditions have been characterized by installing monitor wells on site,
upgradient, and downgradient from the site. Monitor wells have been clustered at a number of
locations to characterize the alluvium and site-related contamination in ground water at different
depths. Most of the monitor wells still exist and have recently been sampled to provide
information for this document. Additional information on the geology of the area, uranium
deposition, and uranium processing at the Gunnison site are available from the literature (see
reference list).

3.1 Physcal Setting and Climate

The Gunnison site is on a 61.5-acre tract of land between the Gunnison River and Tomichi
Creek, just southwest of the Gunnison city limits, Gunnison County, Colorado (Plate 1 and
Figure 3-1. The site was backfilled with clean soil and graded after surface remediation and is
currently covered with native grasses. The elevation at the site is approximately 7,635 feet (ft),
and surrounding mountains rise above 12,000 ft. Higher elevations in the area are forested on the
north and east sides, and lower elevations on the south and west sides are covered with brush and
grass.

Gunnison receives an average annual precipitation of 10.5 inches (maximum precipitation in July
and August) and an annual average snowfall of 54 inches. Winds blow predominately from the
west and northwest. Average monthly temperatures range from alow of 9 °F in January to a high
of 62 °Fin July.

3.2 Land and Water Use

3.21 Land Use

The former uranium-ore processing site was previously owned by private companies and later
acquired by the State of Colorado, who then deeded the property to Gunnison County in
December 1999 (Appendix I). A fence surrounds most of the site, except in the southeast corner,
where it is readily accessible to the public. Eleven DOE monitor wells remain on the site
(Figure 3-2). The site is not currently being used except for a small fenced storage yard near the
south end maintained by Gunnison County. The existing fenced area does not include al of the
original site. The north part of the site has aready been deeded to Gunnison County for
expansion of the airport and is behind the airport fence (Plate 1).

The site is bordered on the north and east by Gold Basin Road (County Road 38) and the
Gunnison County Airport. An active gravel- mining operation owned by Valco, Inc. bounds the
site to the south. Commercial and residential property bounds the site to the west. Valco, Inc.
also owns most of the large pasture area southwest of the processing site, which is currently
being used for livestock grazing and crop growing. This property will eventually be mined for
gravel or developed as aresidential area. The Dos Rios subdivision and golf course is west and
southwest of the site and began development approximately 20 years ago along the North and
South Forks of the Gunnison River. The subdivision is still under development.
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The Gunnison County Public Works Department is interested in developing a portion of the site
for maintenance shops, offices, and yard space to store snow removal and other equipment.
Other future uses are under consideration. The deed restrictions (Appendix 1) prohibit use of
contaminated ground water and control excavation of contaminated soil beneath the site. The
Gunnison County land-use planning procedures and resolutions will control potential
development of the site and adjacent land.

3.2.2 Ground Water Use

There is no current use of aluvia ground water from beneath the former processing site.
Historically, ground water from the shallow alluvia aquifer downgradient from the former
processing site between the Gunnison River and Tomichi Creek was the principal source for
drinking, irrigation, and livestock water in the area. Residents in the Dos Rios subdivision and
local businesses obtained ground water from private domestic wells that were completed
generaly less than 30 ft in depth in the dluvia aquifer.

Results of ground water sampling downgradient from the former processing site during July
through October 1990 indicated that 22 domestic wells contained concentrations of uraniumin
excess of background levels. Since the elevated levels were related to uranium processing
activities at the site, DOE assumed responsibility and began supplying bottled water to those
residences in August 1990. DOE a so investigated funding a permanent water supply system for
thisarea (DOE 1991). An environmental assessment was prepared for the provision of the
proposed water supply system and a Finding of No Significant Impact (FONSI) was issued in
1991 (DOE 1991).

Construction of the water supply system occurred from 1992 to 1994. The water distribution
system consists of over 40,000 ft of main line extending from U.S. Highway 50 on the north,
toward Tomichi Creek on the south, from Gold Basin Road on the east, to Que Quay Lane on the
west (Figure 3-3). Water is taken from the west side of the Gunnison River just south of U.S.
Highway 50 into the 350 gallon per minute (gpm) water treatment plant, and then stored in a
250,000 gallon water storage tank located just north of U.S. Highway 50 (Figure 3-3). The water
system was completed in June 1994 and was turned over to the Gunnison County Public Works
Department. The total cost of the system was $6.8 million and was funded by DOE, the Colorado
Department of Public Health and Environment (CDPHE), the Colorado Department of Local
Affairs (DOLA), and Gunnison County (CDPHE 1995). There are currently 231 hookups to the
water system which includes most of the residences in the area. According to the Director of the
Gunnison County Public Works Department, the water system has the capacity for expansion to
cover any anticipated growth in the vicinity.

Existing domestic wells in most of the area downgradient from the processing site are no longer
used as a source of drinking water. According to the Utility Manager of the Gunnison County
Public Works Department (early 2001) there are only 14 residences that are not hooked up to the
system and still use ground water from domestic wells in the shallow alluvial aquifer for
drinking water. They are located northwest of the Gunnison River in an area where shallow
aluvial ground water has not been, and is not expected to be, impacted by site-related
contamination. In order to assess ground water quality and to ensure protection of human health
and the environment, DOE has monitored selected domestic wells in the Dos Rios “ buffer zone”
area since 1990 (DOE 1995). The buffer zone well network consists of four domestic irrigation
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Figure 3—-1. Aerial Photograph of Gunnison Area, October 1999
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wells (455, 468, 472, and 600), and six domestic buffer zone wells (469, 665, 667, 680, 683, and
685) (Figure 3-2 and Plate 1). Analytes evaluated include uranium in al of the wells and a full
suite of constituents in one of the wells (468). The UMTRA Project MCL for uranium is

0.044 milligrams per liter (mg/L) and mean background for uranium in aluvia ground water
upgradient from the site is 0.003 mg/L. Action levels for uranium in ground water established by
CDPHE are 0.200 mg/L for the domestic irrigation wells, and 0.020 mg/L for the domestic
buffer zone wells. Results of the buffer zone sampling since 1990 have shown concentrations of
uranium consistently well below the CDPHE action levels for the domestic irrigation wells and
the domestic buffer zone wells (Appendix E). There have been no notable trends or variations
that would suggest the potential for significant changes in the ground water quality that could
impact human health or the environment.

Monitoring of ground water from the 6 domestic buffer zone wells (which coincide with 6 of the
14 residences not connected to the water supply system) will be continued to ascertain that there
is no potentia risk to human health resulting from site-related contamination in ground water
(see monitoring in Section 7.3.2). These six domestic wells have been monitored by DOE since
the early 1990s and concentrations of uranium have generally been less than 0.005 mg/L
(Appendix E).

Valco, Inc. pumps substantial amounts of ground water during their excavation de-watering
operations from May through August. The water is discharged into ponds at the south edge of

their property.

The City of Gunnison obtains potable water from nine wells in the alluvia aquifer east of the
Gunnison River from 0.5 to 1.5 miles north (upgradient) of the Gunnison processing site.

There are no permanent surface water features on the former processing site. Surface water from
the nearby streams and ditches is used for irrigation and stock watering. Water from the
Gunnison River is diverted to flood- irrigate the pasture southwest of the site from May through
September. The Dos Rios golf course west and southwest of site irrigates properties using water
from the Gunnison River. Based on surface water sampling to date, there is no indication of any
gte-related contamination in surface water in the area.

3.3 History of Operations

Uranium was discovered in 1954 along the Los Ochos fault near Cochetopa Pass approximately
25 miles southeast of Gunnison, and ore was produced from 1955 until early 1962.
Approximately 486,000 tons of ore were produced from the main Los Ochos area that averaged
0.14 percent uranium oxide (UsOg) during the life of the mines (Chenoweth 1980).

The Gunnison mill was constructed in 1957, mainly as aresult of the high grade ore from the
Los Ochos claims, and began production in February 1958 (Merritt 1971) (Figure 34 and
Figure 3-5). The Gunnison Mining Company operated the mill during most of its active life. In
December 1961, the Gunnison Mining Company merged with Kermac Nuclear Fuels
Corporation, awholly owned subsidiary of Kerr-McGee Qil Industries, and operated until
April 1962 when the mill closed (DOE 1981).

DOE/Grand Junction Office Site Observationa Work Plan for Gunnison, Colorado
March 2001 Page 3-9



Site Description Document Number U01024

The mill produced uranium for sale to the U.S. Atomic Energy Commission (AEC) and was
operated with a feed rate of 200 tons per day for its 4-year life (Merritt 1971). Ore was hauled in
by truck from the mining areas. Processing consisted of grinding the ore to minus 65- mesh and
acid leaching with sodium chlorate and sulfuric acid for 15 hours at 25 °C. After leaching, the
solution and solids were separated by a four-stage countercurrent classifier and thickener circuit.
Washed solids were then sent to the tailings. The pregnant solution was treated with EHPA
solvent extraction using a five-stage circuit to remove uranium from the solution. A sodium
carbonate solution was then used to strip uranium from the solvent and the entire slurry was
passed through a filter press to strip iron residues precipitated during this stage of the process.
The clarified pregnant solution was acidified with sulfuric acid to apH of 2.5 to decompose
carbonates and precipitate uranium. Magnesium oxide was added to compl ete precipitation of
the yellow cake (Merritt 1971). During its 4-year lifetime the mill processed approximately
540,000 dry tons of ore that averaged 0.14 percent uranium oxide (Merritt 1971).

Colorado Ventures, Inc., agroup of Grand Junction, Colorado, businessmen, purchased the mill
in 1964. Fences were established and access was limited according to Colorado regulations.
Gunnison County was deeded a 3.5-acre strip aong the northern edge of the property for airport
use (DOE 1981). Before 1973, tailings were moved to one area west and southwest of the former
mill buildings that occupied an area of approximately 1,180 ft by 1,440 ft, or 39 acres, with a
maximum height of 13 ft (DOE 1981). In 1973 the property was purchased by C.A. Decker and
N.M. Bishop of Denver, who leased the property to Solution Engineering Company of

Alice, Texas (DOE 1981).

3.4 Surface Remediation

By the mid 1970s, al tailings were moved to a rectangular area of approximately 35 acres, and
the milling operation, former ore storage area, and miscellaneous areas occupied about 16 acres.
The buildings remaining were a water tower, large metal building, and office buildings

(Figure 3-4). During the 1980s, the tailings pile was contoured, covered with material excavated
at the adjacent gravel pit, seeded with grasses in accordance with plans approved by the CDPHE.
Vegetation was well established on the pile after afew years of irrigation.

Contaminated materials consisted of approximately 450,000 cubic yards of tailings;

214,000 cubic yards of contaminated soil from the ore storage, millsite, subpile, and other aresas;
25,300 cubic yards of windblown materials; 10,500 cubic yards of rubble; and 10,000 cubic
yards of contaminated materials from vicinity properties. During 1991 all structures remaining at
the site were demolished and materials were stored on site for final disposition (DOE 1992b).

From 1992 to 1995 most of the RRM and other contaminated materials were transported to a
permanent disposal cell located approximately 6 miles east of Gunnison and 0.4 mile south of the
county solid waste landfill (DOE 1997). The disposal site consists of approximately 29 acres of
land. The disposal cell was constructed on an excavated surface and has an engineered cover.
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4.0 Summary of 1999 Field I nvestigations

Existing characterization data for the Gunnison processing site are presented in the RAP

(DOE 1992b) and the BLRA (DOE 1996a). An evaluation of existing data at the Gunnison
processing site indicated that additional investigation was needed to complete the SOWP and
select the strategy for compliance with EPA ground water protection standards (DOE 1999f).
Additiona investigation was needed to further define hydraulic parameters of the alluvial aquifer
that would be used in ground water flow and transport modeling. This field work included
installation of pumping and observation wells at three locations downgradient from the site for
aquifer pumping tests. Other work included subpile soil sampling and analysis to evaluate
potential residual source term beneath the site, determination of distribution coefficients,
collection and analysis of ground water samples from monitor wells and domestic wells
downgradient from the processing site, and sediment sampling to characterize biotransformations
occurring at the site, which would enable prediction of natural bioremediation under field
conditions. Results of these investigations, along with more recert water quality analytical data,
are presented in this section.

41 Ground Water Monitor Wdl Installation

To facilitate aquifer pumping tests downgradient from the former processing site, additional
monitor wells were installed adjacent to existing monitor wells in three locations (Figure 4-1 and
Table 4-1). Wells were drilled using the SONIC drilling method, which enabled collection of
continuous samples through the entire interval drilled. All new monitor wells were installed
within 50 ft of the existing monitor wells to minimize the extent of surface disturbance. Wells
were installed in the middle portion of the aquifer to more accurately represent conditions and
also to test the zone where contaminants seem to be migrating.

4.2 Aquifer Pumping Tests

Aquifer tests were performed at three locations (using wells 041, 044, and 047 as pumping wells)
to determine hydraulic parameters of the alluvial aquifer. During each test, water level data were
collected from the pumping wells and nearby observation wells. Only the data collected from
those wells screened over the same depths as the pumping wells were analyzed for parameter
estimation. Prior to the aquifer tests, step tests were conducted on each of the pumping wells to
determine the optimal pumping rate at each location.

These aquifer tests were conducted during November and December 1999. As aresult of
equipment failure, more than one test was completed at each of the three locations. Pumping
rates ranged from 35 to 60 gpm, and the length the pumping phase ranged from 8 to over

72 hours. Because of the equipment failure, recovery data were collected from only half the tests.

Data were analyzed using a number of different analytical methods. The pumping wells are
generally screened from 30 to 60 ft below ground surface within an aquifer that is up to 120 ft
thick. As aresult, the Neuman Method for Partially Penetrating Wells in an Unconfined Aquifer
(Neuman 1974) provided the analytical solution that best represents the conditions under which
these data were collected.

DOE/Grand Junction Office Site Observationa Work Plan for Gunnison, Colorado
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Table 4-1. Gunnison Well Cluster Construction Information

. . Static Elevation of Observation
Cluster Well D!a. Installation Screen Interval r Ground Water or Pumping
No. (@in) Date (ft BGS) (ft) (ft MSL)? well
041 6 Nov 99 31.0-60.4 - 7629.28 pumping
042 2 Nov 99 43.8 -53.3 26.8 7629.16 observation
043 2 Nov 99 43.8-53.5 36.6 7629.28 observation
041 120 2 Dec 84 18.5-23.5 43.9 7632.88 observation
121 2 Dec 84 93.3-98.3 12.4 7627.51 observation
122 2 Dec 84 78.1-83.1 32.0 7627.38 observation
123 2 Jan 85 53.2-58.2 30.8 7629.14 observation
044 6 Nov 99 31.1-60.5 - 7623.47 pumping
045 2 Nov 99 40.9 - 50.5 56.8 7623.29 observation
044 046 2 Nov 99 40.7 - 50.2 40.9 7623.77 observation
125 2 Dec 84 18.8-23.8 23.3 7624.39 observation
126 2 Jan 85 53.2-58.2 16.4 7623.30 observation
127 2 Dec 84 94.3-99.3 20.4 7622.73 observation
047 6 Nov 99 30.8-60.2 - 7618.54 pumping
048 2 Nov 99 41.2-50.7 27.2 7618.51 observation
047 049 2 Nov 99 40.6 - 50.1 42.1 7618.56 observation
135 2 Dec 84 16.3-21.3 16.4 7619.91 observation
136 2 Jan 85 53.2-58.2 17.3 7618.55 observation

ater levels measured between November 17 and November 22, 1999

inches
feet

in.
ft

Dia. = well diameter

r = distance to pumping well
MSL = mean sea level

BGS = below ground surface

Data collected from the pumping phase of the on site tests suggest that transmissivity ranges
from 406 to 3,172 square feet per day (ft*/day), with a specific yield range of 0.016 to 0.664.
Based on a saturated thickness of 30 ft (the screened interval of the pumping wells), the
hydraulic conductivity (K) ranges from 13.5 to 105.7 ft/day (Table 4-2).

Table 4-2. Measured Hydraulic Conductivity

Location
Well 041 Well 044 Well 047 City Well #10
K range (ft/day) 13.5-20.3 42.6 — 105.7 55.8-67.9 103 -171
K geomean (ft/day) 171 61.2 61.6 131.7

Additional aquifer test data were obtained from the City of Gunnison, which conducted tests
following the installation of a production well in October 1999. This well is located north of the
site but is considered to be within a portion of the alluvial aquifer that is representative of site
conditions. Analyses of data from tests conducted on production well 10 (at flow rates up to
421 gpm) indicate a transmissivity range of 6,164 to 10,262 ft*/day. Dividing this range by

DOE/Grand Junction Office
March 2001

Site Observationa Work Plan for Gunnison, Colorado
Page 4-3



Summary of 1999 Field Investigations Document Number U01024

60 (this well is screened over the bottom 60 ft of the aquifer) results in an estimated hydraulic
conductivity ranging from 103 to 171 ft/day (Table 4-2).

The data collected from the on site tests indicate that steady state may have been achieved during
the testing periods at each of the three locations, possibly the result of an inability to adequately
stress the aquifer at a high enough flow rate. Based on this assumption, the conductivity range
generated from the production well tests may be more representative because of the higher flow
rates used to conduct the tests.

All data associated with the aquifer tests are contained in Appendix G. Appendix G also presents
an interpretation of the data collected from the aquifer tests performed both on site and by the
City of Gunnison.

4.3 Subpile Soil Sampling

During the surface cleanup from 1992 to 1995, contaminated material above the water table and
one foot below the water table was removed. Figure 4-2 and Figure 4—-3 show that leaching from
the tailings pile caused a rusty coloration in the underlying sediments. Gravel was partly coated
with ferric oxyhydroxides. Contamination of subpile soils was the subject of a previous study
(DOE 1994), which concluded that the subpile soils were likely to be a continuing source of
ground water contamination. Details of the remedial action are provided in the Final Completion
Report (DOE 1997).

During remediation, high thorium-230 concentrations were detected in sediments below the
water table. Supplemental standards were applied for thorium-230 left in place, because only
material 1 ft below the water table was removed. Appendix | of the final completion report for
the Gunnison site (DOE 1997) mentions that a site-specific cleanup protocol was developed in
which soil with a high clay content (“select fill”) was to be placed at the bottom of the
excavation as aradon barrier. Figure 44 shows the soil verification plan from the final
completion report, including the locations of the subpile soil sampling. Figure 4-5 and

Figure 4—6 show the fill during excavation in November 1999. Soil verification data are
provided in Appendix | of the completion report. Forty-one locations (eachlocation is an area
30 ft~ 30 ft) did not receive a select fill (DOE 1997).

The first goal of thisinvestigation was to determine if residual contamination is left onsite. Soil
samples were collected on the former millsite November 29, 1999. Acid leaching was
performed in the Grand Junction Office (GJO) Environmental Sciences Laboratory (ESL) in
January 2000. Seventeen soil samples and 11 water samples were analyzed. A second goal of
this study was to estimate the concentrations of uranium in ground water that have flowed
through contaminated subpile soils. Therefore, natural ground water was used as the leaching
solution in two column experiments conducted in April 2000. A summary of the study is
presented below; more details are presented in the contaminants in subpile soils report

(DOE 20004).

Site Observational Work Plan for Gunnison, Colorado DOE/Grand Junction Office
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Figure 4-2. Excavated Millsite During Surface Remediation (19947?) (View 1)

Figure 4-3. Excavated Millsite During Surface Remediation (19947?) (View 2)
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Figure 4-5. Excavation on the Millsite in November 1999 (View 1)
- Note: high clay content select fill material

Figure 4—6. Excavation on the Millsite in November 1999 (View 2)
- Note: the select fill appears as a distinct layer in the test pits

DOE/Grand Junction Office Site Observational Work Plan for Gunnison, Colorado
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4.3.1 Methods

Sediment samples were collected at eight locations where thorium-230 activity was highest, as
indicated in the completion report. Table 4-3 lists the grid ID, and the thorium-230 activity as
well asthe top of select fill and the top of thorium. The grid ID refers to the survey during
construction (Figure 4-4). One sample was collected at the former ore storage area at the south
side of the former millsite. Two background samples were collected east of the unpaved runway.
The ID from the construction grid was used to determine the location in the field before
excavation. Surveyors staked locations in the field and surveyed the locations by Global
Positioning System after sampling. Location 544 had to be moved about 25 ft east because the
origina point was under the pavement of the road.

Table 4-3. Sampling Locations and Soil Survey Information

. . Bulk Th-230 Top of Select Fill Top of Thorium Cont.
Location Grid ID bCilg P (ft/bgs) P (ft/bgs)

541 C-07-03 491 6-—7 8-10

542 B-43-12 291 4 8

543 C-48-23 523 5 8

544 D-43-22 498 3 4.5

545 D-35-15 368 1-2.5 2

546 E-20-12 270 3 4

547 F-10-13 341 4 6-7

Locations that did not receive select fill

548 D-04-21 | 1,068 | n./a. 4.5
Ore storage area

549 E-31-23 | n./a. | n./a. n./a.
Background area

550 n./a. n./a. n./a. n./a.

551 n./a. n./a. n./a. n./a.

n./a. no data available

pCi/g picocuries per gram

Soil samples were collected using a backhoe. Test pits were dug to the water table and soil
samples were taken below the select fill directly from the backhoe bucket. Ground water samples
were taken at the bottom of the pit (Figure 4—7). At background locations 550 and 551, soil
samples were taken approximately 0.5 ft above the water table. During the sampling the
excavated material was separated into three piles: topsoil, select fill, and material below the
select fill (Figure 4-8). The material was backfilled in the reverse order of excavation.

Soil samples were placed in plastic ziplock bags and transported to the ESL. Water samples were
filtered and kept on ice. The soil samples were placed in aluminum pie plates, open to the air,
until they were visibly dry (about 5 days). To aid the drying process, the samples were frequently
disaggregated by crushing lightly by hand. Large sticks, rootlets, and pebbles were removed by
hand. Dried samples were sieved to less than 2 millimeters (mm).

Two grams of each sample was divided equally and placed in two 50-milliliter (mL) plastic
centrifuge tubes, and 50 mL of 5-percent (v/v) HCl was poured into each tube. The tubes
were agitated end over end for 4 hours. The samples were centrifuged for 45 minutes at
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2,500 revolutions per minute (rpm) and decanted. The sediment was then leached again with
5-percent HCI following the same procedure. The supernatants were decanted into a 200- mL
volumetric flask and filled to volume with 5-percent HCI. They were then filtered through a
0.45 micrometer (um) filter and submitted to the GJO Analytical Chemistry Laboratory for
analysis of uranium, sulfate, iron, and manganese. Because the samples were HCl solutions, no
additional preservation was used. Samples were kept at less than 4 °C prior to analysis.

Two samples with the highest uranium concentrations in the leaching tests were selected for a
column experiment. The setup of the experiment is shown in Figure 4-9. This study used a
procedure similar to ESL standard column test procedure CB(CT-1) (DOE 1999b). Columns
(2-inch diameter) were constructed from clear acrylic. Nylon cloth filters sandwiched between
two perforated plastic discs were placed at the bottom and top of the column. The sediment
column was 18 inches in length. Natural ground water was pumped with a peristaltic pump set at
0.8 milliliters per minute (mL/min) from bottom to top through the column. Effluent was
collected in aflask using a Gilson fraction collector.

Natural ground water from monitoring well 002 was used for the column experiment. Samples
were collected March 15 and April 11, 2000. Concentrations of uranium, pH, electrical
conductivity, oxidationreduction potential (ORP), and alkalinity were measured in the ESL soon
after sample collection using the procedures in the Environmental Sciences Laboratory
Procedures Manual (DOE 1999b). Samples of the effluents were preserved and analyzed for
uranium, iron, and manganese. The ground water sampling data and analytical methods are
provided in DOE 2000a.

4.3.2 Reaults

Sampling locations and the spatial distribution of uranium concentrations in soil and ground
water are shown in Figure 4-10. Concentrations of constituents leached from the soils are
provided in Table 4—4. Results of the column experiments are provided in Figure 4-11.

Background concentrations of uranium in soil and ground water are about 0.22 milligrams per
kilogram (mg/kg) and 0.006 mg/L, respectively (Table 4-4). The two highest uranium
concentrations in subpile soils were measured at location 545 at a depth of 8 ft and at location
546 at a depth of 9 ft. The concentrations were 81.4 mg/kg and 86.2 mg/kg, respectively. The
uranium concentration in ground water is 1.3 mg/L at location 545 and 0.031 mg/L at location
546. Uranium concentrations in soil at other locations ranged from 0.39 mg/kg at location 548
near the northeast corner of the former millsite to 40.1 mg/kg near the center of the Site at
location 543. The uranium concentrations in soil at the former ore storage area, which isin the
south part of the former millsite near location 549, average 3.76 mg/kg. Thereis no trend in
uranium concentration with depth. Uranium concertrations increase with depth at location 544,
whereas at |ocation 543 no variation was observed, and concentrations decrease with depth at
location 541 (Figure 4-10). Because surface remediation disturbed the original stratigraphy, the
distribution of concentrations might be random in the subsurface today.

The initial uranium concentration in the effluent of column 545 was about 1.50 mg/L and
reached a maximum of 1.67 mg/L after about 30 pore volumes (Figure 4-11). The uranium
concentration in ground water at location 545 was as high as 1.21 mg/L and was comparable to

Site Observational Work Plan for Gunnison, Colorado DOE/Grand Junction Office
Page 4-12 March 2001



Document Number U01024 Summary of 1999 Field Investigations

Figur-é 4-7. Excavation on the M - View 3)
Note: Sediment and water samples were taken from the backhoe bucket

Figure 4-8. Excavation on the Millsite in November 1999 (View 4)
Note: Excavated material was separated in different piles and backfillled in the same order

Figure 4-9. S'etup.of Column Experiment
Note: source tank and peristaltic pump (right), column filled with subpile soil (middle)
fraction collector (left)
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Table 4-4. Element Concentrations in Subpile Soils and Uranium Concentration in Ground Water

Location Depth ft[ Iron Manganese Sulfate Uranium | Uranium in Ground Water

bgs mg/kg mg/kg mg/kg mg/kg mg/L

10 13,200 62.0 3,880 36.9 n./a.

541 11 4,840 156 7,490 15.0 0.005

542 9 3,850 60.3 6,940 6.37 0.137

10 4,570 555 44,300 20.1 1.215

543 11 3,700 68.5 61,900 39.0 n./a.

45 3,990 14.1 8,820 8.5 n./a.

c44 6 8,130 25.9 7,000 15.1 n./a.

9 7,790 487 5,090 19.0 0.046

545 8 3,510 21.0 5,230 81.4 1.342

546 9 5,700 85.3 3,810 86.2 0.031
75 2,160 130 14,600 33.6

547 10 1,750 24.0 8,010 27.1 0.772

4 1,540 187 2,600 0.39 n./a.

548 55 7,600 35.9 2,700 1.81 0.011

549 8 4,030 793 21,300 3.76 0.691

Background Locations
550 6 1,390 60.3 4,150 0.20 0.006
551 7 1,850 42.1 1,720 0.23 0.006

n./a. no data available
bgs: below ground surface

the concentrations of the column effluent. Refilling the source tank with fresh ground water after
70 pore volumes caused an increase in effluent uranium concentrations for a short time. When
the column 545 experiment was discontinued after 115 pore volumes, uranium concentration in
the effluent had decreased to 0.296 mg/L. The effluent from column 546 had lower uranium
concentrations than those from column 545 despite having similar concentrations of uranium in
soils (Table 4-4). The first outflow of column 546 contained 0.2 mg/L (Figure 4-11). After

26 pore volumes the uranium concentration had decreased to 0.067 mg/L, which is comparable
to the ground water concentration of 0.031 mg/L at field location 546. Effluent samples from
column 545 had pH values that ranged from 7.29 to 8.63. In effluent samples from column 546
the pH values ranged from 7.59 to 8.21. There was no obvious correlation between effluent pH
and uranium concentrations.

Mass balances for uranium for the column experiment were calculated. Although samples 545
and 546 contain the same amount of uranium, they showed different behavior during leaching
with natural ground water. Based on the initia and final uranium concentrations in the soils,

36.9 percent of the uranium inventory of column 545 was leached after 115 pore volumes and
just 9.4 percent of the uranium inventory of column 546 was leached after 26 pore volumes
(Figure 4-12). Although a different number of pore volumes was exchanged in both columns, the
effluent concentrations (Figure 4-11) indicate that the soils release uranium at different rates.

The iron concentration in background soil samples is between 1,400 and 1,900 mg/kg. Rusty
coloration of the soil samples was noted at locations 544, 546, 548, and 549. Figure 4-13 shows
the sandy material and gravel coated with ferric oxyhydroxides. In samples from location 548 the
colored material appears as a distinct layer above the water table (Figure 4-14). The iron
concentration at location 544 at 6 ft below the surface is 8,190 mg/kg. The layer at location 548
contained 7,600 mg/kg iron. The highest iron concentration of 13,200 mg/kg was detected at

DOE/Grand Junction Office Site Observationa Work Plan for Gunnison, Colorado
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location 541 at a depth of 10 ft below the surface where no coloration was noted. Iron
concentrations in the effluent of the column experiment were below the detection limit of

0.1 mg/L. The fact that iron concentrations in the soil before and after the column experiment
were similar suggests that the ferric iron present will not be dissolved. Iron concentrationsin
ground water on Site are low in shallow well 006 (screen depth 8 to 13 ft below surface). Higher
iron concentrations in the ground water were detected at co-located well 106, which is screened
from 32 to 37 ft.

Manganese concentrations in the background soil samples were 42.1 and 60.3 mg/kg

(Table 4-4). Most of the subpile soils contain manganese in the same concentration range. The
highest manganese concentration of 793 mg/kg was detected at the former ore storage area at
location 549. Managanese concentrations in the subpile soils at locations 541 and 548 range from
156 to 187 mg/kg. Although manganese and iron can both form oxyhydroxides that can adsorb
uranium, high manganese concentrations in soil or ground water are not associated with elevated
uranium concentrations at the Gunnison site. As with iron, manganese concentrations in the
effluent of the column experiment were below the detection limit of 0.1 mg/L. The shallow
ground water at the millsite contains little manganese, whereas higher concentrations are present
in deeper on-site wells such as 106, 109, and 112, which are screened from 32 to 45 ft.

Results of this investigation showed that uranium concentrations in subpile soils at the Gunnison
site are up to 400 times higher than background. Because samples where taken at locations where
thorium-230 concentrations were highest according to the completion report, no conclusion

about the spatial distribution and volume of contaminated soil can be drawn.

The column experiments, conducted with the soils having the highest uranium content, showed
that natural ground water can leach uranium over along period of time. The uranium
concentrations in the column effluent were comparable to the current concentrations in onsite
ground water, which suggests that the subpile soils at the Gunnison site are contributing to
ground water contamination.

4.4 Distribution Coefficient

As contaminated ground water migrates through soil and rock, contamination is distributed
between the solid and liquid phases. This phenomenon causes the contamination to travel at a
slower rate than the average ground water velocity. Chemical processes that retard the
contaminant plume can include adsorption, absorption, mineral precipitation, diffusion into
immobile porosity, attachment to microbes, and transfer to vapor phases. It is generaly not
possible to differentiate among these processes. However, a bulk parameter (Kd) has been used
with some success to model the retardation of contamination for many aquifer systems. Most
numerical ground water models use the Kd concept in simulations of contaminant transport. Site-
specific Kd values are approximated from Rd values that are empirically determined. A
laboratory study was conducted to determine Rd values for the alluvial system at the Gunnison
site. A summary of the study is presented below; more details are presented in the determination
of distribution ratios report (DOE 2000b).
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Figure 4-12. Uranium Concentration in Soils Before and After Column Leaching
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Figure 4—14. Rusty Colored Sediment at Location 544
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4.4.1 Definitionsand Calculations

Rd is defined as the concentration of a constituent associated with the solid fraction divided by
the concentration in the agueous phase:

(mass of solute sorbed per unit mass of solids)
(mass of solute per volume of soluti on)
Rd values are calculated from experimental data as

A- BV
Rd:% 2

Rd =

)

where

distribution ratio in milliliters per gram (mL/g),
initial concentration of the constituent in mg/L,
final concentration of the constituent (mg/L),
volume of solution (mL), and

Ms = mass of soil used in grams (g)

<UJJ>E

Kd is numerically equivaent to Rd if the system is at equilibrium and Rd is constant over the
range of conditions being considered. If Rd is constant over a large range of contaminant
concentrations, it is said to be linear because a plot of agueous concentration against solid-phase
concentration forms a straight line on an arithmetic plot. Rd data are often displayed on log-log
concentration plots. A linear arithmetic plot of Rd (referred to as alinear isotherm because
temperature is held constant) is also linear on alog log plot. The dope of alinear isotherm is
unity on aloglog plot. At elevated concentrations of a constituent, Rd often varies with the
agueous concentration. In this case, the isotherm is said to be nonlinear and cannot be accurately
represented by Kd.

The distribution of grain size influences the effect that sediment has on retarding migration of
contaminants by sorption. For example, sediment that has a high proportion of fines will usually
have a high Rd value compared with a mineralogically similar but coarser grained sediment. The
increase in sorption is due to a higher proportion of sorbent phases, such as clay minerals and
iron oxyhydroxides, and a greater surface area.

Fine-grained splits are commonly used in the laboratory to determine Rd values. The finer grain
sizes are easier to work with and require smaller equipment. Because more contaminant is sorbed
to finer grained sediment, the analysis is more sensitive and has lower detection limits than
would be possible using the coarser grained fractions. However, the results are biased toward
elevated values of Rd. The laboratory-derived Rd values should be adjusted to account for actual
grain-size distributions in the aquifer.
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Grain-size distribution data can be used to adjust the laboratory-derived values of Rd to the
coarse-grained alluvial aquifer (DOE 1999d and 1999¢). Vaues of Rd can be adjusted according
to:

Rdagj = Rd<ammy H f )
where
ROl = adjusted Rd values,
Rd<ammy = laboratory Rd measured on the less-than-2-mm fraction, and

f weight fraction of sediment that is less than 2 mm (from sieve analysis).

Use of this method assumes that there is no sorption on the greater-than-2-mm fraction. Thisisa
reasonable method for estimating distribution coefficients for input into contaminant transport
models.

4.4.2 Selection of Samples and Solution Composition

Core from the aluvia agquifer was sampled from location 043 which is outside the main plume
area and considered to be background (Figure 3-2). The lithology at this background location is
similar to that in the contaminated aquifer. Background-area core was used instead of core from
the contaminated area because of the difficulty in interpreting results from contaminated cores
(DOE 2000b). Distribution ratios were determined on samples from two depths: 29 to 31 ft
(referred to as 30 ft) and 52 to 57 ft (referred to as 54 ft).

Initially, Rd values were determined using a solution made in the laboratory that contained
concentrations of major ions similar to those present in the aquifer ground water. This synthetic
ground water, however, had considerably less dissolved carbonate than actual ground water.
Because it was difficult to prepare synthetic ground water with carbonate concentrations similar
to actual ground water, a sample of ground water was collected from well 0002 at the site and
used for the Rd determinations. Because Rd determinations using actual ground water are
believed to be more representative of site conditions, they are presented in this section. The
results using the synthetic ground water are included in the ESL report (DOE 2000b).

4.4.3 Methods

Rd data were collected using ESL Procedure CB(BE-3) (DOE 1999b), which follows an
American Society for Testing and Materials (ASTM) procedure for batchtype experiments
(ASTM 1993). A representative portion of sample was air dried at room temperature. The
samples were sieved to less than 10 mesh (2 mm). Uranium is the only contaminant tested and
was added to the ground water at a concentration of 1.0 mg/L, which is near the upper limit of
contaminant concentrations detected in ground water samples at the Gunnison site. Sulfate is also
a contaminant of concern at the site; however, sulfate is present in such high concentrations that
distribution coefficients are not applicable for determining transport. Sulfate is considered to be
mobile (conserved) in modeling studies.

A five-point isotherm was determined for each of the two samples. The appropriate mass of core
sample (1, 2.5, 5, 10, 20, or 40 g) was placed in a 125-mL Nalge bottle with 100 mL of ground
water. Samples were rotated end over end at 8 rpm for 24 hours, centrifuged at 3,000 rpm, then
vacuum filtered through a 0.45- um filter. Samples were analyzed for uranium by kinetic
phosphorescent spectroscopy using ESL procedure AP(U-2) (DOE 1999b).
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4.4.4 Resultsand Discussion

The results of the Rd determinations are presented in Figure 4-15. The colored lines on the
diagram show the position of theoretical linear isotherms for Rd values of 1, 10, 20, and

30 mL/g. Isotherms will behave ideally only if chemical conditions such as pH are similar anong
the experiments. Values of pH, akalinity, conductivity, temperature, and oxidationreduction
potential remained fairly constant in all experiments.

The isotherm for the deep (54 ft) ground water sample is reasonably linear, except for two points
with the highest dissolved uranium concentrations (Figure 4-15). The results for these two points
are sensitive to small analytical errors for either the sample solution or the parent solution.
Therefore, these two points were not used. Rd values for the other four points ranged from 3.94
to 5.47 mL/g and averaged 4.73 mL/g. For the same reason, the Rd vaue for the highest
dissolved uranium point on the shallow (30 ft) ground water sample was rejected (Figure 4-15).
The other five points are reasonably linear with Rd values that ranged from 9.43 to 15.11 mL/g,
and an average Rd value of 11.40 mL/g.

Uranium Rd values measured for samples from other UMTRA Project sites are lower than those
for samples from the Gunnison site (Table 4-5). The lower values could indicate a different
mineralogical composition of the sediments or could result from a variation in ground water
chemistry. Uranium forms strong aqueous complexes with carbonate that favor partitioning to
the dissolved phase. The lower carbonate concentrations (which are directly related to the
akalinity) in the Gunnison ground water samples favor partitioning to the sediment and may
have resulted in higher Rd values.

Table 4-5. Mean Distribution Ratios (Rd) for Uranium From Gunnison Compared With Other UMTRA
Project Sites

Site Formation (mq'/AI_lkc?fl 'ggéos) (me_cliq)
Gunnison Qal (30 ft) 208 11.40
Gunnison Qal (54 ft) 208 4.73
Shiprock Weathered Km 231 1.59%
Shiprock Unweathered Km 231 2132
Shiprock Qal (floodplain) 1,036 0.54%
New Rifle Qal 500 0.7°
Old Rifle Qal 377 0.5°¢
Old Rifle Wasatch claystone 377 1.3¢
Grand Junction Qal 260 2.15¢

Note: All samples were sieved to less than 2 mm.
Qal = Quaternary alluvium; Km = Cretaceous Mancos Shale

*DOE (1999a)
®DOE (1999d)
‘DOE (1999¢)
‘DOE (1999c)

The Rd value for the agquifer can be estimated from the less-than-2-mm fraction by normalizing it
to the grain size distributionin the aquifer and assuming that the larger fractions are not
adsorptive (DOE 2000b). The alluvial aquifer at Gunnison is composed of clay-sized material
through gravel with cobbles and occasional boulders (DOE 2000b). The two samples used for
the Rd study contained 46 and 36 percent of the less-than-2-mm fraction (Table 4-6). The
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maximum particle diameter represented in the core was limited to the core diameter of 4 inches.
By use of equation (1), the measured Rd values were adjusted to account for the proportion of
less-than-2-mm material in the sample (Table 4-7).

The chemical and physical properties of aluvial aguifers typically vary substantially both
verticaly and horizontally. The distribution of the propertiesis rarely known due to the high cost
of completely characterizing the aquifer. For this reason, it is common to apply parameters such
as Kd uniformly over the entire aquifer to make estimates of contaminant transport.

Table 4-6. Grain Size Distribution of the Gunnison Samples

Sample Number Size Fraction Weight (g) Weight Fraction
Well 0043 at 30 ft >2 mm 430 0.54

<2mm 373 0.46

>2mm 613 0.64
Well 0043 at 54 ft ~>mm 345 036

Table 4-7. Mean Distribution Ratios (Rd) for Uranium From Gunnison Adjusted for Grain Size

Formation Unadjusted Rd (mL/qg) Adjusted Rd (mL/g)
Qal (30 ft) 11.40 5.24
Qal (54 ft) 473 1.70
Average 3.47

Qal = Quaternary alluvium

While this approach is not likely to accurately predict all details of contaminant migration, it
provides a rough estimate of the trends and can help in making remediation decisions. The single
Rd vaue that is most representative of the aluvia aquifer for Gunnison is an average of the two
adjusted values (3.47 mL/g) measured using actua ground water.

4.5 Ecological Investigation

In general, the goal of ecologica field investigations under the UMTRA Project is to acquire
data to determine if site-related contamination may adversely affect ecological receptors (flora
and fauna). Data needs include species composition, ecological interactions, contaminated

media, contaminant concentrations, and exposure pathways. This section summarizes the data
collected and identifies any additional data needs. Section 6.0 of this document evaluates the data
and draws conclusions as to the level of risk presented by site-related contamination to receptors.
A preliminary risk assessment was completed in 1990 that specifically addressed human health.
However, the first Ecologica Risk Assessment (ERA) was documented in the BLRA

(DOE 19963).

Because UMTRCA does not specify ERA protocol, the UMTRA Ground Water Project adopted
the EPA 1992 risk assessment guidance as a best management practice. The BLRA preceded
EPA 1998 risk assessment guidelines. The data and subsequent evaluation (Section6.0) were
developed to support a risk-based compliance strategy that is protective of the environment.
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45.1 Abiotic Sampling and Analysis

Characterization (sampling and analysis) of ground water was conducted to determine if
concentrations of site-related contaminants exceed background or MCL s established in

40 CFR 192. If ground water concentrations exceeded background levels, then the constituent
was retained and evaluated for potential ecological risks. Table 3.1 of the BLRA summarizes the
characterization results for key constituents. Section 3.3 and Table 3.2 of the 1996 BLRA
identified ecological constituents of potential concern (E-COPCs) for those contaminants that, on
average, exceeded background ground water concentrations. They are ammonium, calcium,
cadmium, cobalt, iron, lead-210, magnesium, manganese, nickel, polonium-210, potassium,
silica, sodium, strontium, sulfate, thorium-230, uranium, and zinc.

These contaminants became the focus for analysis in contaminated media. Because soils were
remediated to standards in 40 CFR 192 under the surface remediation program, both soils and air
are eliminated as contaminated media. However, ground water does present a possible exposure
route. The primary concern is the possibility that contaminated ground water may be
hydraulically connected to surface water, thereby creating the potential to contaminate adjacent
streams, rivers, or ponds. Because the Gunnison River, Tomichi Creek, a campground pond, and
Valco ponds are close to the ground water contamination, they are included for evaluation
(Figure 3-2). Therefore, ground water, surface waters, and associated sediments are the media
that will be the focus for purposes of the ERA. These media were selected because both direct
and indirect pathways to ecological receptors are possible.

Ground water data were used to determine E-COPCs for terrestrial receptors. Surface water and
sediment sampling was conducted for determining E-COPCs for primarily aguatic receptors.
This section summarizes data collection efforts reported in Sections 3.0 and 7.0 of the BLRA.

On the basis of the identified E-COPCs, surface water sampling locations were established in the
Gunnison River, Tomichi Creek, a campground pond, and the Valco pond. Table 4-8 identifies
surface water sampling locations for the E-COPCs as shown on Figure 3-2. Filtered surfaced
water samples were collected at four locations from 1989 through 1993 and at one location from
1989 through 1995. Unfiltered samples were collected at locations 775, 776, 778, and 779 in
October 1990. L ocations 775778 were not sampled after the 1993 sampling event. Location779
continued to be sampled until October 1995.

Table 4-8. Summary of Surface Water Sampling Addressed in the BLRA

Location No. Medium Location Purpose/Sampling Period
775 Surface water Gunnison River ?ggggrlogugng conc#ntratlons (upstream)
776 Surface water Gunnison River i:%l;(_:l%ognscentrat?ons (downstream)
777 Surface water Tomichi Creek g:éJSF;(_:lgognscentratlons (T:iownstream)
778 Surface water Tomichi Creek ?gggg;_oguggd concentrations (upstream)
779 Surface water Campground pond &E)SF;(_:lcgognscentratlons (pond)
DOE/Grand Junction Office Site Observational Work Plan for Gunnison, Colorado
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Surface sampling locations 780, 792, and 795 (Table 4-9) were not included within the scope of
the BLRA but are included here to comprehensively evaluate potential risks.

Table 4-9. Summary of Surface Water Sampling Locations Not Addressed in the BLRA

Location No. Medium Location Purpose/Sampling Period
Evidence of ground water COPCs influencing pond water.
780 Surface water Valco pond 1990-1995
792 Surface water Gunnison River Background concentrations (upstream from location 775)

1997-Present

Gunnison / Tomichi | COPC concentrations (downstream from location 776)

795 Surface water Creek confluence 1997-Present

Location 780 was sampled annually from 1990 to 1995. Locations 792 and 795 have been
sampled annually from 1997 to the present. No explanation was found in site documentation as
to the rationale for exclusion of location 780 data in the BLRA, nor for the addition of locations
792 and 795 in 1997. It is assumed that the latter two locations were established because the
origina Gunnison River locations (775 and 776) could not be located or confirmed in the field,
and no data had been collected from these locations since 1993. Table 4-10 summarizes those
E-COPCs that were found to be above background for all surface water sampling locations. If no
X appears in a box, the contaminant concentration did not exceed background concentrations.

Table 4-10. Summary of Downstream or Pond Surface Water Sampling Results That Exceeded Surface
Water Background Concentrations (based on average concentration)

E-COPC 776° 777 779° 780° 795°
Ammonium
Calcium X X
Cadmium
Cobalt X
Iron X
Lead-210
Magnesium X X
Manganese X
Nickel
Polonium-210
Potassium X
Silica X Notef
Sodium X
Strontium
Sulfate X X
Thorium -230
Uranium X
Zinc X

Results compared to background at location 775
PResults compared to background at location 778
°Results compared to background at location 775 and 778
9Results compared to background at location 792
°Results compared to background at location 792

fSilca was not sampled for at this location.

Sediment samples were collected in 1993 at |ocations 775 through 779. The BLRA states that
only manganese, molybdenum, uranium, and zinc were sampled; however, no rationae is
provided as to why these constituents were selected. It is assumed these metals were identified as
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a potential concern. No documented sediment sampling for E-COPCs was conducted at locations
780, 792, or 795. Table 4-11 summarizes the sediment sample results.

Table 4-11. Summary of Sediment Sampling Results That Exceeded Background Sediment

Concentrations
F.-COPC 77R 777 779
Manganese X
Molybdenum
Uranium X
Zinc X

45.2 Biotic Sampling and Analysis

There is no information in the BLRA or site documents addressing chemical analysis of plants.
This may be due to the lack of evidence that plants are in contact with either contaminated
ground water or surface water.

Chemical analyses of fish tissue samples were conducted for fish that were caught from the
Gunnison River, Tomichi Creek, and the campground pond. The purpose of the analyses was to
determine any potential human health risks as a result of fish ingestion. No screening level
assessment for ecological risks was addressed in the BLRA. It is assumed that data collected at
that time did not support the need for further assessment. No biotic samplin